The grey level co-occurrence matrix is a measure of the texture of an image. It describes how often different combinations of pixel brigthness values occur in an image. Based on this, several textural attributes can be calculated. In this work we developed a principal workflow for the calculation of these attributes. To decrease computational times we adapted calculation methods previously used for image classification of sea ice images. This workflow -including the enhanced calculation methods -is applied on two 3D seismic data sets from sedimentary basins. Different attributes and calculation parameters are tested to define channel systems and faults. The first tests show good results for the identification of both. Especially channel systems can clearly be identified. Additionaly, it is possible to directly extract channelgeobodies from the grey level co-occurrence matrix-based attributes.
Introduction
The grey level co-occurrence matrix is a measure of the texture of an image. It describes how often different combinations of pixel brigthness values occur in an image. Based on this, several textural attributes can be calculated. In this work we developed a principal workflow for the calculation of these attributes. To decrease computational times we adapted calculation methods previously used for image classification of sea ice images. This workflow -including the enhanced calculation methodsis applied on two 3D seismic data sets from sedimentary basins. Different attributes and calculation parameters are tested to define channel systems and faults. The first tests show good results for the identification of both. Especially channel systems can clearly be identified. Additionaly, it is possible to directly extract channel-geobodies from the grey level co-occurrence matrix-based attributes.
Workflow for the calculation of grey level co-occurrence matrix-based attributes
The grey level co-occurrence matrix (GLCM) describes how often different combinations of pixel brigthness values occur in an image. Usually the relationship between two (neighboring) pixels is measured. Therefore, the GLCM is often refered to be a second order texture calculation. In principal it is possible to advance to third order (relationship between three pixels) or even higher order, but that would result in an enormeous increase of computation times. Originally the GLCM was used for image classification and was developed by Haralick et al. (1973) . Since then it has been a useful tool for image classification of satellite images, sea-ice images, and medical pictures like tomography. For the last ten years the GLCM has been a (minor) topic in geophyiscs (West et al., 2002 , Gao, 2003 , Chopra & Alexeev, 2006 , Gao, 2007 , Yenugu et al., 2010 , and Gao, 2011 . These papers describe the application of GLCM for channel detection, reservoir quality description, and even for fault and fracture interpretation. In the course of this research project we test the application of the GLCM for the interpretation of channels, for facies differentiation, as well as for the interpretation of faults.
The calculation of the GLCM attributes follows the workflow described in figure 1. The workflow is structured into three parts. The first part of this workflow represents data preparation. This means scanning of the seismic data to derive an amplitude distribution. Then we define the number of grey levels we want to use for our calculation and convert our seismic amplitude cube into a grey level cube. The next step is to define the direction in which we want to count the number of co-occurrences (e.g. Inline direction, Crossline direction, single direction). For a 2D image or seismic section four principal directions exist, whereas for a 3D seismic cube 13 principial directions exist (see figure 2). It is possible to combine directions to get an average matrix. By doing this we can increase the signalto-noise ratio, but we might miss subtle features in our data. In our source code we have the possibility to calculate either a single direction, four directions at a time (in inline, crossline, diagonal direction, or along timeslices), or we can combine all 13 directions into one calculation. After the definition of the calculation direction we have to define the size of the calculation window. Each side of the search window needs to be of odd number and the sample point of interest must be in its centre. As the last input in the data preparation process we need to define the attributes we want to calculate. Haralick et al. (1973) describe in their original paper on the GLCM 14 attributes suitable for texture classification. In the course of this research project we found in literature ten more attributes that can be used for image classification based on GLCM.
The second part of the workflow describes the calculation of the GLCM and its according attributes for each sample point. For each sample point in the grey level cube a subcube with the prior defined size is extracted. For this cube the co-occurrences of pixel values are measured and stored in a symmetric matrix (grey level co-occurrence matrix). For further calculation it is necessary to transpose the matrix into the approximation of a propability matrix. This is done by simple normalization. Based on this normalized matrix we can calculate the GLCM attribute(s) of interest for the sample point. The calculation of the GLCM using the method by Haralick et al. (1973) is very time consuming, to increase compution speed we adapted the methods described by Clausi and Jernigan (1998) , Clausi and Zhao (2002) , and Clausi and Zhao (2003) . th EAGE Conference & Exhibition incorporating SPE EUROPEC 2012
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Figure 1 Workflow used for the calculation of GLCM attributes. The workflow consists in principal of three parts. The first part is data conditioning. This includes scanning of the original seismic amplitude cube, definition of number of grey levels, conversion of the original amplitude cube into a grey level cube, definition of direction of calculation, and the definition of the subcube size. The second part is the calculation of the GLCM for the subcube itself. This part includes the extraction of the subcube, determination of number of co-occurrences of grey levels, the normalization of this matrix to get a probability matrix, and finally, the calculation of the GLCM attribute(s). The third part spans over the second part. This part describes the loop over all sample points within our seismic cube. Iteratively the sample position in inline, crossline and vertical direction is increased. The final results of this workflow are GLCM attribute cubes.

Figure 2 For a 3D dataset 13 principal directions for the calculation of the GLCM exist (a). If the GLCM is calculated for a 2D dataset or along Inline, Crossline, Timeslice, or diagonal direction of a 3D cube, then four principal directions for the calculation of the GLCM exist (b-f). In principal also only one direction can be used for the calculation of the GLCM. th EAGE Conference & Exhibition incorporating SPE EUROPEC 2012
The third part of the process is the loop over all sample points of our grey level cube. This means that the search window is running through the data and for each sample point the GLCM attributes are calculated. The final result we get from this operation is a 3D cube with the same coordinates as the original seismic amplitude cube but with GLCM attribute values instead of the amplitude values.
Case Studies
We have applied the above described workflow on two data sets. Both are from sedimentary basins and the target for these first tests are channel systems and faults. The verification of the results is done by comparison with semblance-based coherence cubes. For the semblance-based coherence cubes we have applied filtering of the data and the coherence is calculated with regard to the local dip of the data. This filtering and dip guidance has not been applied onto the GLCM calculations.
For the first example we have tried many GLCM attributes and have varied the size of the subcube a lot. Finally, we receive very good results with an energy-based attribute. With this attribute we can clearly identify the channel systems of interest (see figure 3) . The big advantage of the GLCM attributes in comparison to the coherence attributes is that we also get information onto the sedimentary composition of the channels, and that we can directly extract geobodies from these attributes. Thus, it makes interpretation and modeling of such channel systems much more efficient.
For the second example we can also clearly identify channel structures with energy-based attributes.
The usage of a cluster shade-based attribute reveals addition channels, that cannot be seen in the conventional coherence attribute (see figure 4) . 
Figure 3
Conclusion
The application of the grey level co-occurrence is a promising tool for the interpretation of seismic facies. With the help of texture attribute we can clearly identify features like channels in our data and we can directly extract geobodies from the texture cubes. At the moment still calculation time of the GLCM is the big problem, but with the input from other science disciplines we are on the right way to improve performance time and thus increase the value of textural attributes for seismic interpretation.
